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General Considerations
All reactions were carried out under a dry argon atmosphere using standard Schlenk techniques or in a nitrogen-filled glovebox, unless otherwise noted. Toluene, pentane, benzene, and benzene-d 6 were purified by passage through activated A-2 alumina solvent columns and were degassed with argon prior to use. Unless otherwise noted, all compounds were purchased from Aldrich or Fisher.
Diethyl diallymalonate (2.9) was purchased from Aldrich and distilled prior to use. CD 2 Cl 2 was purified by distillation from CaH 2 and degassed with argon prior to use. CDCl 2 CDCl 2 was passed through a plug of alumina, degassed with nitrogen and stored over 4Å molecular sieves.
Divinylbenzene (9) reported in ppm relative to SiMe 4 (δ = 0) and referenced internally with respect to the protio solvent impurity.
13
C NMR spectra were referenced internally with respect to the solvent resonance.
NMR Spectroscopy Experiments
2D NMR spectra were obtained on a Bruker Avance DPX 400 MHz NMR spectrometer equipped with a 5 mm dual 1 H/ 13 C Z-gradient probe. Unless otherwise specified, spectra were obtained at room temperature. For experiments requiring elevated temperatures, the probe was calibrated with a sample of ethylene glycol containing a trace amount of gaseous HCl. 5 1D 1 H and 13 C spectra were acquired with standard pulse sequences and parameters. 2048) in F2 to achieve a digital resolution of 3.5 Hz/pt and eight times (SI = 1024) in F1 to achieve a digital resolution of 32 Hz/pt. Exponential (EM, LB = 5) apodization was applied in the F2 dimension and π/3 shifted sine 2 (QSINE, SSB=3) apodization was applied in the F1 dimension prior to the Fourier transformation.
Assignment of the 1 H NMR Spectra
The 1 H NMR spectra of each ruthenium-olefin complex was assigned utilizing a mixture of 1D
and 2D NMR data. Due to the complexity of some samples, full proton assignment could not be made.
Complex 10: To a 4-mL vial in the glovebox was added 7 (95 mg, 0.12 mmol) and toluene (ca. 2 mL). Vial capped with a screwcap containing a PTFE septum and removed from the glovebox.
Divinylbenzene (17.5 μL, 0.12 mmol) added via syringe. Vial taken into the glovebox. The reaction stirred at 22 °C overnight, filtered through a pipette column and washed with toluene (ca. 1 mL) and pentane (2 x 2 mL). Solid eluted with CH 2 Cl 2 and concentrated to yellow-green solid (37 mg, 56%). Complex 12: To a 4-mL vial in the glovebox was added 11 (30 mg, 0.032 mmol) and benzene (ca. 1 mL). Vial capped with a screwcap containing a PTFE septum and removed from the glovebox. Interestingly, upon addition of 9 to complex 11, a benzylidene resonance at 16.49 ppm is initially observed in the 1 H NMR spectrum of the crude reaction, but disappears after a few hours at room temperature ( Figure 10 ). Unlike other observed intermediates, a relatively high conversion (25%) is initially observed. However, attempts to isolate or further characterize this intermediate by VT NMR spectroscopy were unsuccessful. Complex 15: To a 4-mL vial in the glovebox was added 14 (12 mg, 0.012 mmol) and pentane (ca. 0.5 mL). Vial capped with a screwcap containing a PTFE septum and removed from the glovebox. Divinylbenzene (1.8 μL, 0.012 mmol) added via syringe. Vial taken into the glovebox.
H NMR (CD
The reaction stirred at 22 °C overnight, filtered through a pipette column and washed with pentane (4 x 2 mL). Solid eluted with CH 2 Cl 2 and concentrated to green solid (8 mg, 89% This NOE might be expected if this conformer is identical to the X-ray structure. H c would be expected to have an NOE to an aromatic proton, as it is facing a region where the i-Pr group is facing away. H c does in fact have an NOE to a proton at 5.69, which is an aromatic doublet and thus consistent with an H ortho to N(2) [see X-ray structure].
The proton resonance at 2.23 ppm (H b of isomer 15b) has an ambiguous NOE to the methyl region (ambiguous because this proton sits on top of a methine associated with the minor component, note that a methine would be expected to have a strong NOE to a methyl group). This is most likely an olefin-methyl NOE however, because methine-methyl NOEs typically come in pairs (provided there is a chemical shift difference between the methyl groups). The assignment of isomer 15b to the sidebound, "CH 2 down" conformation is based upon the absence of NOEs involving H c and the methyl/methine region and one NOE involving H a (5.41 ppm) and the methyl region is detected (NOE to 1.67 ppm), in addition to the expected NOE to H b at 2.22 ppm. Complex 17: To a 4-mL vial in the glovebox was added 16 (99 mg, 0.143 mmol) and toluene (ca. 2 mL). Vial capped with a screwcap containing a PTFE septum and removed from the glovebox.
Divinylbenzene (9) (19 μL, 0.14 mmol) added via syringe. Vial taken into the glovebox. The reaction stirred at 22 °C overnight, filtered through a pipette column and washed with toluene (ca. 1 mL) and pentane (3 mL). Solid eluted with CH 2 Cl 2 and concentrated to yellow-green solid (32 mg, 40%). resonances (all at 20 ppm).
Identity of major isomer's conformation: olefin at 3.2 shows a strong NOE to Mes Me groups at 1.44 ppm and 2.73 ppm (these Me groups are also in exchange with one another). The benzylidene NOEs to two methyl groups at 2.35 and 2.92 ppm-again these two Me groups are in exchange with one another.
These data are consistent with a solution conformation similar to the X-ray crystal structure. Further, they suggest that the slow dynamics involve rotation about the Ru-C1 bond, as the benzylidene and olefin to Me NOEs are unique (they would have NOE'd to the same set of methyl groups if there was slow rotation about the N2-Mes bond). The NHC backbone EXSY behavior is additional evidence for this slow motion-slow rotation about the N2-Mes bond would not exchange the backbone resonances. 
